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PLUM INVESTIGATIONS II: THE INHERITANCE
OF HARDINESS
By M. J. DORSEY, Chief of Pomology, Illinois Agricultural Experiment
Station, and JOHN BUSHNELL, Assistant Horticulturist,
Ohio Agricultural Experiment Station'
INTRODUCTION
In the fruit breeding investigations at the University of Minnesota
Fruit Breeding Farm, an attempt has been made to develop hardy
varieties of plums with commercial qualities of fruit. Since hardi-
ness is. the limiting ,factor, the general point of attack has been to
cross hardy native varieties with tender or semihardy varieties of other
species having the desired fruit characters. A large number of variety
and interspecies crosses of Prunus have been made during the work on
this project. The inheritance of hardiness in these has been studied
by examining each seedling for the extent of winter injury and then
classifying them on the basis of the severity of this injury. The data
obtained from a detailed study of available material at the Minnesota
Fruit Breeding Farm during the winter of 1917-18 constitute the
basis of this report.
The general hardiness problem, particularly in its horticultural
aspects, is a subject that has been given considerable attention. It
has frequently been pointed out in the horticultural literature that in
collections of fruit varieties there are conspicuous differences in' the
degree and localization of winter injury in different parts of a tree,
as well as among the different individuals. However, as pointed out
by Dorsey and Bushnell (1920) no cultural methods or protective
treatments have been developed which have proved adequate to prevent
serious injury when a variety is grown too far north of its normal
range. The origination of hardy varieties by breeding appears to be
the most effective method at hand of extending fruit-growing north-
ward, as is well illustrated by the improved hardy varieties which are
being introduced from the plant breeding stations in Canada and the
northern state's,
1 The data upon which this bulletin is based were secured by the authors while con-
nected wtih the Minnesota Agricultural Experiment Station. Most of the data were securedin the "test winter" of 1917-18 which was unusually severe. Preparation of the manu-
script was delayed with a view to gaining supporting data and observations. The mass of
material to be handled and the comparisons made consumed more time than was expected.The severance of connections and the removal of both of the authors to other institutions
were the final factors in so long delaying the publication.
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As yet, the literature on the genetic phases of hardiness is relatively
meager. The work of Hansen (1903, 1904, 1906, 1908, and 1911) in
South Dakota, Patten in Iowa, and a number of other breeders such
as Williams in Nebraska, has demonstrated that hardy varieties can
be obtained from interspecies hybrids when the parents differ in hardi-
ness. This principle has also been recognized in the experiments at
the Central Experimental Farm in Canada by Saunders (1894, 1896,
1902, and 1911) and Macoun (1898, 1899, 1900, 1906, 1908, and 1909)
in the breeding investigations with the apple and other fruits. Han-
sen's work was among the first attempts with the plum, and he
has produced a number of varieties which have proved of value in the
northern Great Plains. These have been secured largely from crosses
between Prunus trifloral and P. ainericana or P. besseyi. Some investi-
gations with material other than plums will be of interest in this con-
nection. Data published by Chandler (1913) show that gradations
in hardiness occur in open pollinated peach seedlings, when classified
according to the percentage of buds killed. Nilsson-Ehle (1911 and
1912) found that winter hardiness in wheat segregates in the F2, and
that types can be produced in later generations which are homozygous
for varying degrees of winter hardiness.
This investigation, therefore, is primarily a study of the effect of
a given set of conditions upon a population in Prunus, representing
many different lines of descent and many different genetic combinations.
The heterozygous condition of these seedlings is shown by comparing-
the great variation in injury with that of an equal number of indi-
viduals of a single variety which respond similarly. The interest of
the plum breeder who is concerned with the development of hardy
varieties will center around those lines of descent which have given
rise to hardy individuals of greatest commercial promise, as well as
in the methods employed in this study.
MATERIALS
Since the varieties of the species used in plum breeding at the Min-
nesota Fruit Breeding Farm are generally self-ster-ile, this report is
necessarily based upon F, progeny. The parents of the hybrids under
observation during the winter of 1917-18 were from five species, cover-
ing a wide range in hardiness, fruit, and tree characters. As the plums
have been carefully described by Hedrick et al. (1911), the parents used
need merely be listed here with a brief statement of their hardiness.
The varieties of P. americana are generally hardy in Minnesota.
In some localities they show slight browning or injury .to the terminal -
buds, but this has not often occurred at the Fruit Breeding Farm,
1 P. triflora is the same as P. salicina Lindley.
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except when cultural conditions induced late growth. The varieties
selected as having the greatest promise as parents were Ames, De Soto,
Howard Yellow, Jewell, South Dakota 22, 23, and 33, Topa, Wastica,
Wolf (freestone), Wyant, and a native unnamed seedling, referred to
in the tables as "P. americana."
A single variety of P. nigra, Winnipeg, selected from seed collected
near Winnipeg, Manitoba, -Was used. This variety has, been one of
the hardiest of the plum collection.
The Sand Cherry, P. besseyi, was originally collected in South
Dakota, along the Missouri River near Pierre, by N. E. Hansen of the
South Dakota Agricultural Experiment Station. Seedlings from this
source have been semihardy at the Fruit Breeding Farm. The hybrids
with the Sand Cherry, as Compass and Opata, have also shown slight
injury during average winters.
' The varieties of P. triflora which were used as parents are tender
in Minnesota when unprotected. Burbank, Earliest of All, Red June,
Santa Rosa, and Satsuma were used with the hope of getting greater
firmness of flesh and greater persistence when ripe. The P. triflora
hybrids introduced by Burbank, such as America, Climax, First,
Formosa, Gold, and Shiro, having largely the characteristics of
P. triflora, are as tender as the pure varieties. They were selected for
parents primarily because of their fruit size and desirable characters
of flesh. On the other hand, the P. americana X P. triflora hybrids,
Winona, Bursota, Stella, Wakapa, and Wohonka, which have also
been used extensively, have been sufficiently hardy to endure the Min-
nesota winter conditions at the Fruit Breeding Farm, but with much
flower bud killing.
None of the plants of P. pissardi has withstood the Minnesota
winters when grown in the open.
The crosses were made in 1911 and 1912 by Charles Haralson,
on trees growing in tubs in the greenhouses. Greenhouse pollination
is more successful in most seasons than outdoor crossing, because
unfavorable weather so frequently prevails at the blooming period. At
the time of the "test winter" of 1917-18, the trees from the 1911 crosses
were six years old from seed and those from the crosses of 1912 a year
younger. The plots have been cultivated from the first without a cover
crop. The soil is a dark rich loam, and the trees have made good
growth each season altho some of the seedlings have matured late.
The plots have no appreciable protection by windbreaks or topography.
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WINTER OF 1917-18
Individual trees were examined for evidence of winter injury in the
spring of 1916, again in 1917, and finally at the close of the winter
of 1917-18. The winter of 1917-18 has been called by horticulturists
a "test winter" because of the widespread and severe injury to fruit
trees. At the Fruit Breeding Farm the injury from this test winter
was so much- more pronounced and so much more readily measured
than in the previous years that the comparative hardiness of the seed-
lings has been based largely upon their reaction to the conditions of
this winter.
The temperature and precipitation record of 1917-18, together with
records of the preceding winter, are shown in Figure 1. The graphs
were made from records of the Minneapolis Weather Bureau, the
nearest point at which weather records are taken. The temperature
curves, made from hourly readings, show relatively accurately the daily
fluctuations and daily extremes, as well as periods above and below
the freezing points.
The record of 1916-17 is included, for in many respects it was very
similar to the test winter, yet trees survived 1916-17 to be injured
during 1917-18. In comparing the two winters, it may be noted that
the minimum temperature was the same both years, reaching —25°F.
The periods below freezing were more prolonged and of lower temper-
ature in 1916-17 than in 1917-18. Both years were characterized by a
deficiency of precipitation during the fall and early winter. In 1916-17
there was snow protection after the middle of December, but during
1917-18 there was very little snow until the middle of February.
The features which may have been responsible for the excessive
injury in 1917-18 are pointed out on the graph. The freeze on October
12, when the thermometer reached 22°F, was not abnormal of itself,
but the season of 1917 had begun late the previous spring and the
growing season had been shifted so that the trees were not ripened and
dormant as they usually are in early October. However, no injury
could be detected immediately after this freeze; no direct evidence
was collected that an unusual degree of injury had occured. On the
other hand, during the alternate periods of thawing and freezing in
February and March the discoloration of the wood and the, killing
of the buds was very evident and was carefully recorded. This injury
in the late winter was probably associated with the break in the rest
period, and it may be noted that this break occurred as early as Febru-
ary in spite of the fact that the rest period started late the preceding
fall.
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Fig. T. The Temperature and Precipitation Records of the Winters of 1916-17 and 2927-18.
The winter killing was more severe in 1917-18. Note (t) the freeze on October 12, (2) the alternate._ periods of thawing p,nd freezing in February
and March, and (3) the very light precipitation throughout the winter.
•
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To summarize the significant features of the test winter of 1917-18,
four things stand out: (1 ) the lateness of the previous growing season
(2) the dry soil in the fall and light snowfall during the winter; (3)
the freeze in October; and (4) the alternate periods of thawing and
freezing in February and March.
TYPES OF WINTER INJURY
•
Following the winter of 1917-18 the most conspicuous and most
readily measured type of injury in the plum hybrids under observation
was the killing back of the twigs and branches. It was found, how-
ever, in many trees in which this type of injury was not appreciable
that the wood and bark were seriously browned or that a large per-
centage of the buds were dead. In attempting to classify the hybrids
no single category seemed adequate; so in tabulating the data the
progeny have been classified under three distinct headings: (I) the
killing back; (2) the discoloration of the wood; and (3) the percent-
age of flower buds killed.
WINTER KILLING
During the four years the seedlings were in the field, prior to the
first critical examination in 1916, 366 of the 1322 original trees died.
The mortality due to accidents of cultivation was light, consequently
the greater part were winter killed by the relatively mild winters prior
to 1916. The trees eliminated in this way were undoubtedly the most
tender individuals of the crosses. During the test winter 49 more
were killed, 59 were killed back to the ground but sprouted later from
the roots, and 74 were killed to within a foot or two of the ground.
The latter are considered as killed back to the line of snow protection.
KILLING BACK OF TWIGS
The average degree of killing of the twigs and branches of the
individual trees was readily, estimated and together with the more
severe killing back of the entire tree, gives a convenient and logical
basis for classification of the entire progeny. The killing of the
terminal bud has been included under this general type of injury, for
it appears to be more closely correlated with injury to the tip of the
twig than with the general killing of the flower buds. It is therefore
considered to be the slightest degree of killing back of the twigs.
DISCOLORATION OF THE WOOD AND BARK
The records of the intensity of the discoloration in the wood and
bark were taken in early spring, before growth started, by making a
slanting cut through the bark into the wood to the depth of about three
or four annual growths. The cut was made about fifteen inches above
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the ground on the south side of the trunk rather than on the north
side, because in many trees there Was deeper browning upon the south
side and the greatest injury was purposely taken as the index. The
injury records were taken on the trunk instead of upon the main
branches or twigs, as the browning was progressively deeper towards
the trunk. The degree of browning in the cortex followed that of the
wood closely, being seldom darker but often lighter. Consequently,
browning in either could be taken as the index of injury but in the
tables only the wood browning is reported.
FLOWER BUD KILLING
In determining the percentage of flower buds killed, terminal twigs
bearing fruit buds were cut and labeled from all of the trees of each
cross, before growth started in the spring, and brought into the labora-
tory. The fruit buds were then cut transversely near, the base and the
number of flower buds killed was recorded. The percentages deter-
mined in this way were checked in the orchard at bloom by studying
the number of flowers arising from the .fruit buds, taking three to four
as the usual number of flowers borne in each fruit bud. Unfortunately,
116 trees did not bear flower buds so the classification on this basis
does not include the entire progeny.
DWARFS
In practically all the crosses io per cent or more of the trees
were less than three feet tall. Most of these had a peculiar dwarf
habit of growth. Many were less than two feet high. As they were
protected in a measure by adjacent taller plants, and by the snow during
part of the winter, and therefore were not exposed to the same severe
conditions as the taller trees, they are not included in the detailed
classification of the tables.
METHODS OF CLASSIFICATION
The data included in this report comprise 120 variety Crosses,
including 1322 individuals. Pi taking notes in the field each living
tree of normal height was examined. First the average killing back
was measured on several typical twigs. Then an incision was made
in the trunk, and the color of the wood recorded-as "clear," "slightly
brown," "medium brown," or "dark brown," representing the un-
injured wood and three degrees of injury. Later, several twigs were
collected from each tree, taken to the laboratory, and the fruit buds
carefully examined to determine the percentage of flower buds killed.
In general it was found that injury to one part of the tree was
accompanied by injury in other parts; particularly was this the case
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where the injury was severe. Therefore, in condensing the field notes
into the tables, the progeny of each cross have been grouped into fre-
quency distributions under the headings of degree injury. This method
facilitates the comparison of the reaction of the entire progeny of a
single cross with the entire progeny of any other cross, but it does not
show the reaction of the individual trees of each progeny under the
three separate categories. That is, in a given progeny there may be a
number of the trees with severe browping of , the wood and also a
number with a percentage of the buds killed; but the condensed tables
do not show that the trees with the wood injured were also the ones
with the buds killed. However, a critical study of the tables will show
( 1) that where the progeny are all hardy under one category that they
are practically all hardy under the other two categories, and (2) that
where a number are injured under one heading approximately the
same number are found to be injured under the other headings. To
illustrate the variations that occur in the individual differences in the
localization of injury, Table I is presented as a typical sample of the
field notes.
TABLE I
INDIVIDUAL RECORDS OF TWENTY-SIX CONSECUTIVE TREES OF A BURBANK X DE SO
TO CROSS
Tree
Number
Dwarfs and trees
killed out
Killing back
of twigs
Condition
of wood
Percentage
flower buds
killed
1
2 - 
None.
None
Slight brown
Clear
No flower buds
3 Killed before 1917
4 None Slight brown No flower 
buds
5 Killed before 1917
6 Dwarf
7
. 
None Medium brown No flower buds
8 Killed before 1917  No flower buds
9 None Clear No fl
ower buds
10 None Clear o flower budsN
ix Killed before 1917
12 None Clear No flower buds
13 - Dwarf
14 I inch • Clear No flower bu
ds
15 Killed before 1917
16 Killed before 1917
17 2 inches Slight brown io%
18 Dwarf
19 Killed before 1917  - 
20 Killed before 1917
21 I inch Clear io%
22 Dwarf
23 Killed before 1917
24 Killed before 19 1 7
25 Killed before 1917
26 None Clear No flower buds
In this table it may be noted that eleven trees were killed before
1917, four were dwarfs, five (Trees 2, 9, Io, 12, and 26) were com-
pletely hardy, and six were slightly injured in one or more of .the three
regions examined. Of the last six (Trees I, 4, 7, 14, 17, and 21),
three showed slight twig killing, four wood injury, and the two with
flower buds had about To per cent killed. Thus the total number
showing slight injury is frequently somewhat greater than the number
slightly injured under any single heading of the condensed tables.
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Before taking up the tabulations it should be re-emphasized that in
these classifications the attempt has been made to detect very slight
injury, and that the trees showing only slight injury would from casual
examination be classed as entirely hardy; during an ordinary winter
they would be completely hardy. In the discussion of the tables, there-
fore, the individuals which were killed back only in the tip, which show
slight or even medium browning of the wood, and in which 25 per cent
or less of the buds were killed, are called "hardy," and can be recom-
mended for commercial planting under conditions similar to those at
the Fruit Breeding Farm in Minnesota.
Turning to a consideration of the series of tables, it is evident from
the headings that tender progeny are included under "Number killed
before 1917" and "Trees severely injured 1917-18." The balance of
the trees taller than three feet included in the column headed "Trees
examined in more detail," are then further classified under the three
main headings of "Killing back of twigs," "Discoloration of wood"
and "Percentage of buds killed." In the last category it will be seen
that a single column includes those that failed to produce flower buds.
THE SEEDLINGS CLASSIFIED ACCORDING TO
WINTER INJURY
In presenting the tabulated data the various crosses are grouped
according to the parental species. Thus the numerous crosses which
include only P. americana and P. triflora in various combinations are
given in the first series of Tables II, III, IV, and V. This series is
followed by the crosses in which P. nigra enters. Then the hybrids
with P. besseyi, and lastly those with P. pissardi.
As may be noted by a critical examination of the tables, the dif-
ferent varieties used as parents within any species produce very similar
progeny when classified on the basis of hardiness. For that reason
the discussion is confined to the behavior of the species groups.' The
plum breeder particularly interested in the relative merits of the differ-
ent varieties as parents will find that the same scheme of classification
is used throughout the series of tables and that the progeny of any
particular variety can be readily compared with that of any other.
In listing the crosses the usual method of giving the pistillate parent
first has been followed.
TABLE II
A CLASSIFICATION OF F1 HYBRIDS ACCORDING TO TIIE DEGREE OF WINTER INJURY. CROSSES OF P. americana WITH ( I) P. americana,
(2) P. americana X P. trifiora, (3) P. trifiora
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P. americana X P. americana
Zekanta X P. americana  20 I
P. americana X (P. americana
P. triflora)
Bursota X DeSoto 
Winona X P. americana  
Winona X P. americana  
Winona X Wyant 
Stella X P. americana 
Stella X Wyant 
Wakapa X DeSoto 
Wakapa X P. americana 
Wakapa X Wyant 
X
Total 
P. americana X P.
Burbank X
Burbank X
Burbank X
Burbank X
Burbank X
DeSoto X
Earliest of All X
Earliest of All X
Howard Yellow X
Jewell X
Santa Rosa X
Santa Rosa X
Santa Rosa X
South Dakota 23 X
South Dakota 33 X
Topa X
Wyant X
Wyant X
Wyant X
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5
5
5
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P. AMERICANA X P. AMERICANA
The first cross listed in Table II is between Zekanta, a hardy
variety of P. americana, and a hardy seedling of the same species. Tip
killing occurred in a majority of the trees of this cross. Altho this
type of injury occurs but rarely to this species in Minnesota, it was
found to have taken place in some of the varieties under cultivation
following the winter of 1917-18. The progeny of this combination
were practically all as hardy as the parents, meeting the expectation
as to hardiness when parents of the native species are used, but none
of the individuals was _ sufficiently outstanding in fruit characters
to justify further testing.
P. AMERICANA X (P. AMERICANA X P. TRIFLORA)
More accurately this heading should be reversed, for the hardy
hybrids of P. americana X P. triflora were used as the pistillate parent
in every cross. In combinations of the second group in Table II
between hardy varieties, P. americana, and the somewhat less hardy
varieties in which both P. americana and P. triflora enter, the progeny
fall into two extreme categories, with but very few intermediates;
first, the seedlings which were killed, and second, those which were
hardy. The totals show that at least 40 of the progeny were as
hardy as the parents and that 47 Were killed. With one of the parents
from the hardy species P. americana, it will be noted that the introduc-
tion of P. triflora has greatly reduced the proportion of hardy seed-
lings in the progeny. The significance of this genetically will be taken
up later.
P. AMERICANA X P. TRIFLORA
The general distribution of the progeny in this third group of Table
II is very similar to that of the preceding group. The proportion Of
hardy individuals is even greater, altho P. triflora is much more
tender than the varieties P. americana X P. triflora which were used
as parents in the preceding group. It appears from the totals in this
combination of hardy by tender parents, that even more hardy than
tender progeny have appeared. This is significant in view of the fact
that up to the time of planting in the test plots the seedlings had not
been subjected to temperatures which would kill off the tender individ-
uals when young. The failure of many seeds to germinate, however,
might account for this apparent inconsistency.
Dealing more specifically with the individual crosses of this com-
bination it may be noted that toward the bottom of Table II there is a
group in which none of the seedlings are killed. The tables were com-
piled without reference to which species was used as the female parent,
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the reciprocal crosses being arranged in the table according to the
alphabetical sequence of the pistillate parents. Fortunately the number
of trees under observation is large enough to permit a significant com-
parison of the reciprocals. These have been brought together in
Table III.
By referring to Table III it will be seen that the distribution of
the reciprocals is strikingly different. When P. americana is used as
the pistillate parent almost all the progeny• are hardy. Where P. tri-
flora is used as the pistillate parent approximately one half of the
progeny are tender. Altho these data are not entirely consistent, this
difference in the reciprocal crosses can hardly be attributed to experi-
mental error and hence is suggestive in that it indicates the hardier
parent should be used as the. pistillate parent in order to secure hardy
seedlings. This point is of sufficient importance to justify further
study.
P. AMERICANA X P. TRIFLORA HYBRIDS
This group is the fourth of the series of P. americana crosses. In
the production of hardy progeny the P. triflora hybrids are about on
a par with the pure P. triflora varieties; and while the progeny reported
in Table IV show a greater tendency to segregate than those of the
preceding group, in general these seedlings also fall largely into two
groups characterized by hardiness on one hand and a lack of it on
the other. As before, all of the individuals of the hardy group are not
as hardy as the P. americana parent but a large proportion of the
progeny approach the hardy parent in hardiness. Again the data
can be divided according to which species served as the pistillate parent.
Practically all the P. americana X P. triflora progeny are hardy; and
the reciprocals approximate a I :1 ratio.
From a fruit-breeding standpoint it is noteworthy that the species
combinations P. americana with P. triflora and the P. triflora hybrids
have not only produced a remarkably large proportion of hardy prog-
eny, but among these hardy progeny have been found individuals with
very desirable fruit. The results from using these species in Minnesota
correspond with those of other plum breeders, particularly C. G. Patten
in Iowa and Theodore Williams in Nebraska, in that sufficient hardi-
ness for commercial purposes has been obtained in seedlings with very
desirable fruit. In fact, some of the seedlings of this combination are
so outstanding in tree and fruit as to give promise of replacing the
best varieties of either of the parent species.
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Al aufIVI 
TABLE V
CROSSES OF HARDY HYBRIDS OF P. americana X P. triflora WITH (I) P. americana X P. triflora, (2) P. triflora, (3) P. triflora HYBRIDS
(P. americana X P. triflora) X
(P. americana X P. triflora)
Winona X Bursota . 
Stella X Bursota 
Wakapa X Bursota  
Wakapa X Winona 
Total
(P. americana X P. triflora) X
P. triflora
• Burbank X Bursota  
Winona X Burbank 
Winona X Santa Rosa .
Santa Rosa X Bursota  
Stella X Burbank 
Wakapa X Burbank 
Wakapa X Earliest of All
Wohonka X Earliest of All
Total
(P. americana X P. triflora) X
P. triflora hybrids
Shiro X Bursota  
Stella X Climax 
Wakapa X Climax 
Wakapa X First 
Wohonka X Formosa 
Total 
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CROSSES WITH THE HARDY HYBRIDS OF P. AMERICANA X
P. TRIFLORA
The hybrid varieties of P. americana X P. triflora have been used
in a number of species combinations forming an interesting series
similar to the preceding P. americana crosses. The first of this series
might be considered to be the cross of (P. americana X P. tri-
flora) X P. americana reported in Table II. It will be recalled that
about half of the progeny were killed and that the remainder were
nearly as hardy as the parents.
(P. AMERICANA X P. TRIFLORA) X (P. AMERICANA X
P. TRIFLORA)
This group forms the second in the series. Altho the number of
individuals in the progeny of these crosses is small (Table V) more
than half of the normal trees are in the hardy classes, and a few indi-
viduals are classified as being hardier than either parent. This is char-
acteristic of this series.
(P. AMERICANA X P. TRIFLORA) X P. TRIFLORA AND
P. TRIFLORA HYBRIDS
The individuals of the second and third groups (Table V) into
which the tender P. triflora has entered so extensively again form
definite groups at the hardy and tender extremes.
.The F, individuals of this series vary much in tree and fruit
characters as well as in hardiness. It will be noticed that dwarf trees
appear in relatively small numbers and that about one fourth of the
trees of each progeny were killed before 1917. In addition to the
production of individuals hardier than either parent it will be seen
that in the progeny with the larger numbers the distribution as to
hardiness ranges more toward the greater degrees of injury than in
the P. americana X P. triflora crosses.
CROSSES WITH P. NIGRA
• P. nigra is a hardy northern species. Its native habitat extends
northward and eastward from western Minnesota across Canada and
into the northern part of the United States in a few areas. It is
not so well known among horticulturists because fewer of its varieties
have been named. For this reason it has been used in breeding to
only a limited extent. It should be stated in this connection that the
variety of P. nigra used in these crosses came from seed collected near
Winnipeg—hence the name.
TABLE VI
CROSSES OF Prunus nigra WITH ( I) P. americana X triflora, (2) P. triflora HYBRIDS, (3) P. triflora, (4) COMPARISON OF PROGENY FROM CROSSES OF SHIRO WITH
P. americana AND P. nigra
P. nigra X (P. americana X
P. triflora)
Winona X Winnipeg 
Stella X Winnipeg 
Wakapa X Winnipeg 
Total
P. nigra X P. triflora hybrids
Shiro X Winnipeg 
Gold X Winnipeg 
Winnipeg X Shiro 
Total
P. nigra X P. triflora
Burbank X Winnipeg 
Santa Rosa X Winnipeg 
Total
Shiro X P. americana 
• Shiro X P. nigra 
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In the crosses recorded in Table VI an opportunity is presented
to compare P. nigra with P. americana as a hardy parent. It will be
seen that as large a proportion of the progeny are hardy as in similar
crosses where P. americana was used. A study oft-the hardiest of these
seedlings in the orchard after the severest winters, indicates that they
are even hardier than the hardiest of the P. americana progeny.
The only comparable crosses having numbers large enough to
illustrate this are those of the two species with Shiro, a tender P. tri-
flora hybrid. The comparison is included as the last group in Table
VI where it may be noted that the general distribution is very similar
to P. americana, but that a considerably larger proportion of the P.
nigra progeny are hardy. Both species cross readily with Shiro but
in tree characters the P. nigra seedlings are superior. If the F, seed-
lings available for this investigation are to be taken as an index, it
may be safely stated that P. nigra can be used as a parent in crosses
with P. triflora with at least as much success as P. americana.
CROSSES WITH P. BESSEYI
The distribution of the hybrids reported in Table VII is in marked
contrast with that from comparable crosses of P. americana and P.
nigra. About the same proportion were killed prior to 1918, but the
remainder, instead of being largely hardy, were more or less severely
injured. The injury shows particularly in the killing back of the
twigs and in the discoloration of the wood. Less than 20 per cent can
be considered commercially hardy in Minnesota.
CROSSES WITH P. BESSEYI HYBRIDS
The first two groups in Table VIII are crosses of P. besseyi
hybrids with the hardy P. americana and P. nigra varieties. In both
groups there occur individuals that were killed prior to 1917-18 and
in the first group a few of the surviving trees that were seriously
injured. P. besseyi hybrids used as parents are nearly hardy, but when
crossed with the hardiest species segregation of tender progeny has
occurred.
The remainder of Table VIII includes the crosses of P. besseyi
hybrids with the P. triflora groups. The progeny show a wide range in
hardiness with only a small proportion as hardy as the parent. Many
of these plots appeared to be almost entirely worthless from the plant
breeding viewpoint when examined in the spring of 1918. The P.
besseyi parents came from South Dakota, and have not been completely
hardy in Minnesota. It is probable that selections from farther north
would prove more successful in plum breeding.
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CROSSES OF P. besseyi HYBRIDS WITH (I) P. americana, (2) P. nigra, (3) P. americana X P. triflora, (4) P. triflora, (5) P. trifiora HYBRIDS
P. besseyi hybrids X P. americana
Compass X Howard Yellow 5 • •Compass X P. americana  12 ..
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CROSSES OF P. pissardi WITH (x) P. americana, (2) P. americana X P. triflora, (3) P. besseyi, (4) P. besseyi HYBRIDS
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Fig. 2. Upper: Wohonka X P. pissardi, a Tender Cross; Lower: P. besseyi X Climax,
a Dwarf, and One Seedling Killed to the Snow Line
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CROSSES WITH P. PISSARDI
P. pissardi is a tender ornamental with practically worthless fruit.
The data presented in Table IX are chiefly of interest because of the
contrast with the previous data in which P. triflora was the tender
parent. Practically all of the trees ,reported in Table IX showed some
injury in the tissues examined; only seven could possibly be con-
sidered as hardy enough to endure an average Minnesota winter. From
the inheritance standpoint these progeny may be classified as inter-
mediate between the two parents in hardiness.
SUMMARY OF THE SPECIES CROSSES
In Table X the totals from the preceding groups are brought to-
gether to show the comparative distribution of the F, progeny of the
various species combinations. The relative hardiness of the progeny
of the different combinations is readily seen when summarized in this
form. The large proportion of hardy offspring when P. americana
and P. nigra are used as one of the parents is re-emphasized. Like-
wise, in the combinations in which P. besseyi, P. pissardi, and P. tri-
flora enter, the number of tenderer seedlings increases.
The bud killing in the different summaries in general follows the
wood injury and the killing back. A considerable number of seedlings
(i16), however, failed to develop fruit buds. In combinations like
these if the tender line is drawn to include all which were killed back
over two feet or more or killed outright, the number reaches 577 indi-
viduals—nearly half of the total. If the commercially hardy forms
for Minnesota are limited to seedlings classified in the last two columns
of each of the main headings, an approximate idea is reached as to
the number from which to select desirable fruiting types. Rated on
this basis 475 were sufficiently hardy in the twigs, 329 in the wood,
and 325 in the buds. In these blocks of seedlings the individuals
which were selected on the basis of superior fruit numbered about
fifty. These selections were practically all limited to the commercially
hardy group and this number may be considered high in view of the
merits of most of them.
This summary presents the limitations encountered in practical
breeding with the parents selected. While there is every justification
in using some of the combinations listed here in order to secure types
for further breeding, it should be clear that the source of hardiness
for Minnesota lies in P. americana and P. nigra, and possibly hardier
forms of P. bessevi, from farther north in the range of this species.
Considerable should be gained, therefore, from this preliminary survey
of the relative value of the different species as to sources of hardiness
in the F,.
TABLE X
SUM MARY OF TABLES II, IV, V, VI, VII, VIII, IX. A CLASSIFICATION OF F1 HYBRIDS OF SPECIES CROSSES ACCORDING TO DEGREE OF WINTER INJURY
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Fig. 3. Upper: Differences in Killing Encountered in Progeny. At Left, Growing at the
Tip; at Right, Killed to the Ground
Lower: P. besseyi X Climax, Showing Effect of Winter Killing on Tender Progeny
The first tree is growing at the tip, the next is a dwarf; the third was killed outright;
the fourth was killed to the ground; and the last three were killed outright.
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DISCUSSION AND CONCLUSIONS
When such factors as the length of growing season, maturity,
dormancy, the rest period, nutrition, precipitation, temperature changes,
temperature extremes, and snow protection are taken into consideration,
it will be seen that the reaction of,:plum seedlings to their environment,
expressed here in terms of winter injury, is by no means a simple rela-
tionship. The relative influence which any one of these factors has
upon injury or killing can not be separated definitely from that of the
others, but all acting together determine the ability of a particular
seedling to withstand winter conditions.
From one standpoint the environment may be regarded as the pri-
mary consideration in hardiness and the genetic constitution secondary,
or vice versa. For instance, it is possible to picture extremes in winter
weather which would be so severe as to be beyond the endurance of
Prunus. On the other hand, winter conditions could be set forth which
would not cause any injury to such seedlings as those under considera-
tion. As a matter of fact, however, under fairly comparable condi-
flops during the winter of 1917-18, the seedlings under observation
reacted so differently, that considering the extremes, some were killed
and others were uninjured. With these seedlings, therefore, it appears
that the differences in individual response to winter conditions were a
result, for the most part, of their genetic constitution.
The relatively close correlation in the injury to the various parts of
the tree indicates that the hardiness of each part is determined by a
more general condition. At least no individuals were found in which
the flower buds were hardy and the bark or wood severely injured.
Killing in the terminal bud under conditions of late growth on other-
wise hardy trees was no doubt due, for the most part, to the late
growth resulting from cultivation. There was some difference in the
extent of killing back accompanying a given degree of browning in
the bark and wood, but the greatest killing back was found associated
with the severest injury to them.
The great differences in survival value shown by these seedlings
may be taken as an illustration of the manner in which natural selec-
tion builds up hardy forms. Altho the process of eliminating the
tender forms, has extended over only a few winters, the killing so far
has left the hardier trees only for reproduction. Darwin (1859) ex-
presses the difference in hardiness encountered in native species in
these words—"We have evidence with some few plants, of their be-
coming to a certain extent, naturally habituated to different tempera-
tures; that is, they become acclimatized; thus the pines and rhododen-
drons, raised from seed collected by Dr. Hooker from the same species
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-growing at different heights on the Himalayas, were found to possess
in this country different constitutional powers of resisting cold."
With the plum seedlings in question it is probable that the more
tender seedlings among both the dwarfs and standard trees were killed
during the winters before 1917-18. By referring to Table X it will
be seen that there were, in all, 366 trees out of 1322 which were killed
before the test winter, compared with 49 out of 790 which were killed
during it. Considering the fact that the greater killing of young trees
took place in milder winters, it appears reasonable to assume that
these were the less hardy of the group.
If natural selection operates in this way to eliminate the less hardy
individuals of a species in a given region, the hardier would give rise
to new individuals which in turn would be subjected to a similar
selection process. In this way it would appear that natural selection
would tend to bring a species in a given region toward.the homozygous
condition as far as hardiness is concerned.
At this point it will be interesting to note the relative hardiness
of the F1 in crosses where varieties of P. americana, P. nigra, P. tri-
flora, and P. besseyi enter. When P. americana is crossed with P.
americana the F, seedlings are practically all hardy, especially in the
buds, bark, and wood. The terminal buds, however, were injured in
some instances. On the other hand, where P. americana was crossed
with P. triflora hybrids, there is considerable segregation in hardiness
in the F1, with a portion of the seedlings in each cross classified in the
columns headed "no injury." The dispositions of the crosses with
P. nigra are quite comparable to those with P. americana. When P.
besseyi is substituted for P. americana or P. nigra in the crosses with
P. triflora, a much larger proportion of the seedlings are grouped under
the headings indicating various degrees of injury. In crosses in which
P. pissardi was used with P. besseyi or with P. americana X P. tri-
flora hybrids, a still smaller proportion are hardy.
Without going into further detail, it may be stated that there have
not been outstanding differences in the hardiness of the F, where
different variety combinations representing the same species have
been made. There are, however, distinct differences in the value of
the species in securing hardy progeny. P. nigra and P. americana
rank first as parents in the percentage of hardy progeny wherever they
have been used with P. besseyi, of less value.
In the progeny produced from crossing hardy P. americana varieties
with the tender P. triflora varieties, it will be seen that while a rela-
tively large number of seedlings are hardy many were killed before
1917-18, and that still others are classified as semihardy. This raises
the question as to whether or not the hardy forms like P. americana
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and P. nigra are homozygous for hardiness. The seedlings of the
cross P. americana X P. americana in Table VI, altho one of the
hardiest progeny under test, were injured slightly in the terminal buds,
and in one instance in the wood. Only one individual in this combina-
tion was killed before 1917. The extent of injury to the terminal buds
may, however, be looked upon partly as an index of immaturity, as
these plots were under cultivation. Nevertheless, the progeny of this
cross fall well within the limits of commercial hardiness for this
region. Considering the source of the varieties used as parents it
appears that in P. americana natural selection has gone far toward
eliminating the tenderer combinations and that when this species is
crossed with forms like P. triflora the range in hardiness encountered
in the F, is a result primarily of the genetic constitution of P. triflora.
Such evidence indicates that in the northern habitat of P. americana
and P. nigra, natural selection has isolated the hardier forms by elimi-
nating the individuals possessing the tender factor combinations.
The question is now approached as to what extent the progeny
under study are representative of possible factor combinations of the
parents used. Fortunately the details of reproduction in Prunus have
been worked out sufficiently to throw some light upon this phase
of the problem. During gametogenesis an extensive suppression
of gametes takes place in all interspecific varieties (Dorsey 1919).
In the processes which take place at bloom a further elimination of
gametes occurs, because flower production in the plum. is so profuse
that it is impossible, owing to the crowding of the fruit and the limits
to the strength of the tree, for more than 5 to To per cent of the
flowers to set and to mature. The first and second drops mark the
end of the suppression of female gametes. Likewise, the loss of
pollen grains during dehiscence and the differential germination of
pollen on the stigmas terminates the period of loss in the male gametes.
Following fertilization, in the June drop, and during the subsequent
loss before maturity, there is an extensive elimination of zygotes.
Finally, in the seedbed there is a further loss of zygotes in the seeds
which fail to germinate. The series may be extended also to include
the loss of seedlings before and after planting in the test plots, because
this loss reduces the total number of individuals available for study.
It seems, therefore, that in the• suppression or loss of gametes,
zygotes, and seedlings there is a mechanism, as well as an opportunity,
for the elimination of many genetic combinations.
In view of the extent of the suppression series outlined above, it is
difficult to evaluate either the extent or the direction of the elimination
of possible genetic combinations, if such occur. In fact it would
appe.ar that this question can not be settled until the genetic studies
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of the genus are further advanced, especially along the line of back
crosses or crosses between'individuals of .the same progeny, and then
only with a large number of seedlings available.
Even if the evidence, therefore, as to the possible range of genetic
combinations is incomplete, and this study deals only with the factor
or group of factors determining hardiness, nevertheless, two char-
acteristics of this material command attention in this connection. In
the first place the test to which these seedlings were subjected during
the winter of 1917-18, shows that the individuals of most of the F,
progenies vary in the degree of hardiness possessed. This is particu-
larly true of the combinations in which one parent is hardy and the
other semihardy or tender. The response of some of the progenies,
such as Zekanta X P. americana (Table II) representing a hardy
combination, and Wohonka X P. pissardi, (Table IX and Fig. 2)
representing a tender combination, shows more of an approach to
uniformity typical of the F, of homozygous parents. But, in the
cross Zekanta X P. americana, it should not be forgotten that the
winter in question may not have been sufficiently severe to bring about
differential injury. In the second place, in many of the combinations,
as illustrated in those of Table V, there was an extensive elimination
of the tender individuals previous to 1917, leaving populations which
are classified for the most part under the headings of least injury.
In some crosses only the hardy individuals are left, but in others both
extremes are represented in the trees which survived, when those
seedlings severely injured during 1917-18 are included in the series.
In still other progenies the middle classes are left more or less vacant
as a result of the grouping at the extremes. As to just what dis-
position would have - been made of those seedlings which were killed
before 1917, had they lived until the test winter, can not, of course, be
definitely stated, but it is probable that they would have been classified
for the most part with the group which were injured • more or less
severely, making the distribution in the different classes more uniform.
It should be remembered that the species included in this investiga-
tion are cross-pollinated. This is brought about in the wild as well as
under cultivation by self-sterility and, to some extent by cross-sterility,
both of which prevent the building up of homozygous forms except
in so far as this is accomplished by winter killing. That this has a
bearing upon the genetic constitution of the varieties used in the crosses
is supported by two lines of evidence. ( i) By referring to Table IV in.
"A Study of Sterility in the Plum" (Dorsey, 1919), it will be seen
that in the varieties representing a single species, such as Blush, Iron-
clad, Ocheeda, Wyant, and three wild seedlings representing P. ameri-
cana, there is considerable pollen abortion. The same may be said of
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Aitkin, Cheney, and three wild seedlings representing P. nigra, Burbank
representing P. triflora, and also the native fbrms listed from P. besseyi
and P. pennsylvanica. (2) Considerable variation can be found in
many of the tree and fruit characters of wild seedlings. In fact, the
first named varieties of P. nigra and P. americana are nothing more
than named wild seedlings selected from many thousands on account
of some conspicuous variation in the fruit. Even a casual study of
seedlings of P. besseyi in the nursery will show the same thing to be
true of this species. The different varieties of P. triflora may be taken
as evidence that this species, like our native forms, is heterozygous
for many characters. This point has also been followed in seedlings at
the Minnesota station from many other varieties of Prunus. With-
out presenting the evidence, therefore, it may be stated in this connec-
tion that there are sufficient differences between the different indi-
viduals of progeny representing any one species when fruit, tree, leaf,
form, and vigor are studied critically, to warrant varietal recognition
to any one of them. It may be concluded, then, that both the pollen
condition and the character expression of the varieties representing
a single species, to say nothing of interspecific varieties, show that
the cross-pollination, brought about by self- and cross-sterility, main-
tains considerable heterozygosity in Prunus.
What effect has this heterozygosity of the species upon the F1?
Does the gamete suppression noted above .have a bearing upon zygote
suppression at the June drop, or on embryo suppression in the seedbed
where so many seeds fail to germinate? Where records were kept of
the seed germination in the different crosses—especially in the inter-
specific crosses—there was always considerable variation in the per-
centage which grew and, while the whole problem of seed germination
is now generally regarded as extremely complex and no particular
attempt was made in this instance to control the conditions under which
these seeds were stratified, this variation in germination appears to be
determined to a very large extent by genetic influence.
Referring now to those crosses in which the varieties used as
parents are pure for their respective species, it will be seen that com-
binations are possible which involve one or two species, i.e., intra- or
interspecific crosses. In such crosses in the F, zygote the chromosome
-combination may represent a single species or two. In the latter
case there is no opportunity for a recombination series in the parental
chromosomes as set forth by Babcock and Clausen (1918) as taking
place in the F, because each individual in the F, contains an equal
number of chromosomes from each parent. It would appear, therefore,
that in the crosses of this category the progeny could be regarded as
representing the possible character combinations except in so far as
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influenced by the gamete suppression arising from heterozygosity
within the species.
On the other hand, when the parents include interspecific varieties
a number of combinations are possible. If only one parent is an inter-
specific variety, the suppression of gametes can be influenced by the
heterozygosity of the species and also by the recombination series of
parental gametes. If both parents are interspecific varieties, the re-
combination of parental chromosomes in the F, becomes extremely
complex if influenced by the heterozygosity of the species as well as
by the partial suppression of a recombination series. The distribution
of some of the progeny at the extremes of the hardiness classes sug-
gests that in the recombination series chromosome combinations are
encountered which are unable to function as zygotes. It is probable,
therefore, that the heavy loss of seeds and seedlings has a genetic back-
ground in the recombination series and that the possible combinations
of the factors for hardiness do not gain normal expression on account
of the extensive suppression at various points in the life history.
As stated in the introduction, the general point of attack in this
investigation has been to cross hardy native varieties with others less
hardy but possessing better fruit characteristics, with the object of
obtaining seedlings possessing both hardiness and superior fruit.
Recognizing at the outset that hardiness was the limiting factor in the
final selections, this material has been studied critically with the object
of determining the species from which individuals possessing sufficient
hardiness combined with desirable fruit characters, could be obtained.
As to the inheritance of hardiness, even with the limitations which
self- and cross-sterility impose upon the technic of breeding when
dealing with heterozygous material of this kind, certain questions can
be answered for Prunus which will serve as a guide in the future in the
application of genetics to plum breeding.
Aside from the more technical aspects of the subject, conclusions
can be drawn from the data presented which furnish a workable basis
for breeding for hardiness in plums. From the applied standpoint it
is important to know when a hardy variety is crossed with a tender
one, whether the F, will all be hardy, all tender, all intermediate, or
whether all degrees of hardiness between the parents will be encoun-
tered. By referring to the various combinations in the tables it will
be seen, in general, that where hardiness is present in both parents, the
progeny are hardy; where both parents are tender the progeny are
tender; and that where extremes are encountered, in the hardiness of
the parents, gradations in hardiness occur in the progeny, altho the
intermediate individuals are not typically represented as would be
expected in an uninterrupted series of multiple factors. Considering-.
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the number of species under investigation in this experiment it would
appear that these findings will form a workable basis for plum breeders
to follow where hardiness is a limiting factor.
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